We here propose a three-dimensional shape presentation system using linear actuators which can control the displacement of a rod to a precision of 0.1 mm. We assume that this system will be used as a device to present topographical/shape information to people with visual impairments. For this study, we produced a prototype system equipped with precision linear actuators, and conducted experiments to evaluate the capabilities of the system.
Introduction
When people with visual impairments access topographical/shape information, the information needs to be expressed tactilely. We previously proposed a computer-aided system enabling people with visual impairments to create and recognize their own figures by using a matrix braille display [1] . However, since a matrix braille display can indicate only the outline of the shape, it is unsuitable for indicating height and inclination information. Using figures created by a three-dimensional (3D) printer is expensive because all the information is needed to create the figures. We are therefore developing a 3D shape presentation system using linear actuators which can control the height of a rod. Since, the proposed system can show information about height and incline of topography precisely, it is useful for understanding a hazard map or a floor map for visual impairments.
Shape Presentation System
We previously produced a prototype of a 3D shape presentation system using linear actuators which we call THK:PCS-9RD [2] to indicate height and inclination information. The rod of each actuator can be moved to a maximum height of 50 mm and adjusted in increments of 1.25 µm.
The system consists of two linear actuators equipped with two finger plates, one operation handle, and one pen tablet. An operator holds the operation handle and sets two of his/her fingers on the finger plates, which are joined to the rods of the actuators, and then adjusts the handle position extensively while detecting the shape information. The coordinate position of the operation handle is detected by the pen tablet installed under the handle. The operation handle can be moved 135 mm vertically and 216 mm laterally. The system can control the height of each rod in increments of 0.1 mm in order to conform to the shape information. Each actuator communicates with a control computer through a CAN communication system (shown The configuration of proposed system is shown in Fig. 1 ).
Fig. 1. Prototype of the shape presentation system 3 Evaluation of the Prototype
We conducted two experiments to evaluate the presentation capabilities of the prototype.
Exp. 1:
We prepared information of four simple 3D objects representing square buildings. We recorded the time required to report the height differences between the objects, and calculated the accuracies of the recorded height orders.
Exp. 2:
We prepared street map information for the proposed system and a tactile map. We recorded the times required to report street map information in each case.
Exp.1
For exp. 1, we recruited three people with normal sight as participants. Each participant wore a blindfold over his/her face eyes and was presented with a map on which four square buildings of differing heights were represented. We recorded the time required to report the layout and height order of the buildings. In proper order, buildings differed in height by 1 mm. The map is shown in Fig. 2 . After the experiment, subjects were instructed to give the layout and height order of the buildings. Table 1 shows time required and results for each of the three participants.
Although participants A and B completed the task faster than did participant C, participants A and B failed to detect building 3 , whereas participant C could detect all the buildings on the map. All participants could discriminate the height order of the buildings which they detected. For exp. 2, we again recruited three people with normal sight as participants. Each participant wore a blindfold over his/her face eyes and was presented one at a time with the street maps shown in Fig. 3 . Map 1 is for the proposed system and map 2 is the tactile map. In the experiment, each participant was told to detect the start and goal positions and structure of the street pattern on the map using either map 1 or 2 in the first session and the other map in the second session. Maps 1 and 2 have the same numbers of buildings and street corners. We recorded the time needed to detect the required information from the map. After the experiment, participants were asked to describe the route to the goal and the overall view of street pattern on the map. When using the tactile map, all participants could detect the route to the goal faster than when using the proposed system. However, only participant C described the overall street pattern of the map correctly in this case. When using the proposed system, participants could only describe the route to the goal. All subjects commented that since they use only one hand in operating the proposed system, they found it difficult to understand the reference position. On the other hand, they found it easy to trace their route along the streets by using the proposed system. 
Summary
We developed a 3D shape presentation system using linear actuators for people with visual impairments. We then conducted experiments to evaluate the presentation capability of a prototype. From the experimental results, we conclude that the proposed system can communicate height difference information at a 1 mm precision and is advantageous for tracing a streaked or striated pattern, such as a street pattern. In future work, we will add actuators for four fingers and a mechanism for a second hand to allow pointing at a reference position.
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